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A review of project evaluation methodologies to address net impacts 
and risks of toll road projects to the community  
Project evaluation is a process of measuring costs, benefits, risks and 
uncertainties for the purpose of decision-making by estimating and assessing 
impacts of the project to the community. The effects of impacts of toll roads are 
similar but different from the general non-tolled roads. Project evaluation 
methodologies are extensively studied and applied to various transport 
infrastructure projects. However, there is no definitive methodology to evaluate 
toll roads. This review discusses the impacts of toll roads then reviews the 
limitations of existing project evaluation methodologies when evaluating toll 
road impacts. The review identified gaps of knowledge of toll evaluations. First, 
the treatment of toll in project evaluation, particularly in Cost-Benefit Analysis 
requires further study to explore the appropriate methodology. Secondly, the 
project evaluation methodology needs to place strong emphasis on empirically 
based risk and uncertainty assessment. Addressing the limitations of the existing 
project evaluation methodologies leads to improvements of the methodology in 
practical level as well as fills the gap of knowledge of project evaluation for toll 
roads with respect to net impacts to the community. 
Keywords: project decision-making; cost benefit analysis; toll road; project 
evaluation; project impact; community 
Introduction  
Toll road projects often constitute large public sector involvement and can impact the 
community significantly. The impacts of large infrastructure projects need to be 
appropriately evaluated to ensure a net benefit to the community. Such impacts may 
involve economic, land use, and social impacts. Project evaluation is a process of 
measuring costs, benefits, risks and uncertainties of a project for the purpose of 
decision-making by estimating and assessing impacts of the project. Numerous 
evaluation methodologies exist, including Cost-Benefit Analysis (CBA) and Multi-
Criteria Decision Analysis (MCDA).   
Project evaluation methodologies can vary depending on the scope of the 
evaluation. For instance, Bauer and Szarata (2015) proposed a project evaluation 
methodology of a transport corridor which only reviews travel time (TT) and traffic 
volume along it. The fewer the number of impacts to be included in project evaluation, 
the simpler the methodology would be. However, it is difficult to select appropriate 
impacts to be analysed and results of the evaluation can be limited. It is also inefficient 
to conduct a number of analyses using different methodologies for a single 
infrastructure item. With the scope of evaluating a road project with respect to a public 
good, all impacts to the community need to be analysed including the impacts to the 
surrounding transport network. Project evaluation can be conducted before, during or 
after construction. The most crucial phase in terms of decision making is the planning 
phase, because any projects that do not provide sufficient benefits to the community 
generally ought not to progress further. 
Project evaluation methodologies are extensively studied (Ashuri, Lu, & 
Kashani, 2011; Bauer & Szarata, 2015; Brucker, Macharis, & Verbeke, 2011; Farhang 
Moghaddam, Fatahi, Dokouhaki, & Ashtiani, 2013; Jones, Moura, & Domingos, 2014; 
Klementschitz & Sammer, 2012; Larsen, Burris, Pearson, & Ellis, 2012; Macharis & 
Bernardini, 2015; Salling & Leleur, 2015; Salling & Pryn, 2015; Shi & Zhou, 2012; 
Shiau, 2014; Wee & Roeser, 2013; Zhang, Bai, Labi, & Sinha, 2013) however, there is 
no definitive methodology to appropriately evaluate toll road projects. Limitations also 
exist with the existing project evaluation methodologies to be used for toll road projects. 
This is due to the fact that the characteristics of toll road impacts can differ from the 
impacts of general road projects. There are also impacts that are unique to toll road 
projects. These toll road specific characteristics require that the methodology is 
designed particularly for toll road projects.  
This review first highlights impacts of toll road projects and their inter-
relationships. The review then examines the limitations of existing project evaluation 
methodologies when applied to toll road projects. This answers whether the existing toll 
road project evaluation methodologies properly reflect net impacts and risks to the 
community. An exhaustive review of various methodologies is beyond the scope of this 
review. The review instead focuses on CBA as the most popular project evaluation 
methodology (Mouter, Annema, & van Wee, 2014; Salling & Leleur, 2015; Wee & 
Rietveld, 2014). The project evaluation methodology that addresses the identified 
limitations will be extremely useful in practice. The investigations into impacts of toll 
road projects with respect to benefits to the community also fill the gap in knowledge of 
toll road evaluation. 
Project evaluation for the community 
The goal of a public project is to increase the well-being of residents and to maintain or 
increase overall prosperity (Keating & Keating, 2013). Government is responsible in 
ensuring that public funds are invested wisely and the benefits of decisions outweigh the 
costs to the community. Project evaluation is therefore a process to ensure that the 
public project is beneficial with respect to the public good.  
Mendel and Brudney (2014) defines public good as the outcomes of public 
policy or private actions that create benefits or potential benefits shared by everyone 
and arises within the moralistic, mission/values-driven work of philanthropy. For 
instance, the road project that is beneficial to the community is the project that provides 
shorter travel time, shorter travel distance and fewer environmental impacts, and serves 
as part of an effective transport network. Project evaluation with respect to the public 
good needs to be capable of capturing all of these impacts to the community. 
Decision-makers, often engineers, need to review the project from diverse 
perspectives instead of making decisions based only upon financial benefits. For 
instance, for a road project, the perspectives generally ought to include road users, other 
travellers that use other surrounding transport network, surrounding residents, 
surrounding businesses, the environment, and the various arms of government. From 
government’s perspective, the decision needs to be made based on the public good and 
therefore, the infrastructure projects that are worthwhile should be the projects that 
provide net positive impacts to the community.  
The number of political pressures that a project can face during the project 
appraisal phase is highlighted by Mackie et al. (2014). Under such political and 
organisational pressure, decision-making can easily be biased.  Moreover, road 
infrastructure projects often contain complex systems that are difficult to assess for end 
results and impacts that they may have. Ferreira (2005) also suggests the difficulty of 
identifying and quantifying all community benefits. The difficulty is due to the 
complexity of the transport infrastructure and interrelationships of each impact. 
Therefore, decision-makers require helpful tools that assist them making the right 
decisions in a systematic manner. To analyse complex and large-scale projects such as 
road infrastructure projects, the project evaluation methodology needs to be consistent 
and capable of capturing all impacts to the community.  
Toll road projects for the community 
Toll roads are publicly or privately owned transport facilities that charge tolls from the 
toll road users and are intended to offer improved travel time over non-tolled roads. The 
toll revenue can be spent on operating activities, investing activities, and financing 
activities. Toll facilities have specific considerations that are different from general 
transport infrastructure items that are toll-free such as risk characteristics. Toll roads 
generally are part of major road networks that include facilities such as motorways and 
arterial roads.  Tolling adds complexities in many ways in the project evaluation. For 
instance, forecasting traffic demand and revenues of the toll road is highly complex as 
the toll influences traffic patterns. The fact that road users are charged tolls also 
influences the benefits that they receive. 
Toll road demand and revenue forecasting 
Estimations of impacts of a major road project largely depend on traffic forecasts. 
Therefore, toll road demand forecasting significantly influences the outcome of toll road 
evaluation. The toll road demand tends to be overestimated (Bain & Polakovic, 2005; 
Jones et al., 2014; Lemp & Kockelman, 2009; Li & Hensher, 2010). Many statistical 
analyses are conducted to investigate the differences between forecasted and actual toll 
road demand. A review of 104 toll roads found considerable variability in the 
performance of the toll road demand forecasts for the first year of operation, ranging 
between 15% and 150% of actual performance (Kriger, Shiu, & Naylor, 2006).  Risks 
that were identified through the analysis of the poor performance of start-up roads 
include model input risk, ramp-up risk, event and political risk, and model error (Kriger 
et al., 2006). These risks need to be identified in the planning phase and considered in 
the risk assessment process to ensure the viability of the toll roads.  
Kriger (2006) conducted an analysis of first year forecasts, which showed the 
existence of overestimations and bias. This is consistent with studies conducted on other 
toll roads.  Various researchers also conducted a number of statistical analyses of the 
performance of toll road demand forecasts (Bain & Polakovic, 2005; Bain, 2009; 
Flyvbjerg, Skamris Holm, & Buhl, 2005). Their findings shown evidence of 
overestimations and also suggested the existence of optimism bias in forecasted 
demand.  
Toll revenue can impact the results of toll road evaluations, as toll revenue is 
one of the key income sources for the operator. There are forecasting errors and 
optimism bias in toll revenue forecasting (Australian Department of Infrastructure and 
Transport, 2011; Bain & Polakovic, 2005; Bain, 2009; Flyvbjerg et al., 2005; Flyvbjerg, 
2004, 2005, 2008; Kriger et al., 2006; Li & Hensher, 2010; Vassallo & Baeza, 2007). 
This can be explained by the fact that the revenue forecasts are dependent on toll road 
demand forecasts. Toll revenue is determined by the toll price multiplied by the volume 
of traffic, which itself has been reported to be inversely related to the toll price (Alonso-
Conde, Brown, & Rojo-Suarez, 2007; Kriger et al., 2006; Vovsha, Davidson, & 
Donnelly, 2005). 
Many toll road projects are Public-Private Partnership (PPP) projects that 
contain a bidding process. The tendency for systematic overestimations was also 
suggested by the fact that privately financed toll road concessions are commonly 
awarded to bidding teams submitting the highest traffic projections (Bain, 2009). 
Vassallo and Baeza (2007) also suggest the tendency of overestimation due to the 
bidding process. Traffic forecasts that are produced by bidders contain notable bias 
towards overestimation compared to the projections produced by governments (Vassallo 
& Baeza, 2007). 
These toll specific risks and uncertainties need to be addressed appropriately in 
project evaluation. The project evaluation methodology needs to be systematic and its 
risk and uncertainty assessment needs to be conducted empirically. Project evaluation 
methodology with a proper risk assessment process ought to address these toll risks and 
uncertainties appropriately. The outcome of CBA can include the considerations of risks 
and uncertainties in sensitivity analysis process, which then needs to be addressed in 
decision-making criteria. 
Cost-Benefit Analysis 
CBA is a very popular analysis methodology for evaluation of transport projects (Wee 
& Rietveld, 2014). CBA provides an overview of benefits and costs represented in 
monetary terms, which are presented as net present values (Wee & Rietveld, 2014; Wee 
& Tavasszy, 2008). The fundamental theorem of CBA is the estimation of net impacts 
to the community (Rogers & Duffy, 2012; Wee & Rietveld, 2014) and is the 
representation of net impacts of the benefits to users and non-users, operators, safety 
and environmental benefits, wider economic impacts, and costs of the project in present 
value (Mackie, Graham, & Laird, 2011). The project is economically viable when the 
monetary valuation of economic benefits outweighs the full cost of the project (Rogers 
& Duffy, 2012). The key features of CBA are the comprehensive coverage of impacts 
and the considerations of all relevant parties affected (Mackie et al., 2014). 
Risks and uncertainties  
Various authors addressed uncertainties in project evaluation (Chen & 
Subprasom, 2007; Ferreira, 2007; Lemp & Kockelman, 2009; Mouter, Holleman, 
Calvert, & Annema, 2015; Rodier & Johnston, 2002; Shiau, 2014; Xu & Lambert, 
2014). Sensitivity analysis is conducted to measure the degree of risks and uncertainties 
that CBA results contain. Sensitivity analysis is a procedure in which the parameters are 
varied in an arbitrary manner in an effort to ascertain the extent of changes in the 
economic indicators as a result (Rogers & Duffy, 2012). 
The success with respect to "on time", "on budget" and to "prescribed 
specifications" projects depends on how well risks, uncertainties and complexity were 
dealt with in the decision-making process (Dimitriou, 2014). Project evaluation of toll 
road projects need to properly assess the risks and uncertainties involved in the project. 
Particularly, risks and uncertainties of the results of analyses need to be addressed in 
decision-making. Long-term viability of the project depends on the risk sharing 
arrangement that is documented in the concession deed (Alonso-Conde et al., 2007). 
This suggests that the long-term viability of a toll road project depends on the risk 
assessment conducted as part of project evaluation in planning phase. Chung, Hensher 
and Rose (2010) suggest that many Australian toll road projects experienced 
misallocation of risks due to the perception that certain risks are best left alone to the 
party that is known to be “best able” to manage the risks. 
Each toll road project is unique. The toll operator may receive minimum revenue 
guarantees from the government. The equity of the project can be bought out. These 
contract arrangements and changes of the ownership are unique to each project and 
therefore risk allocations are also unique to each project. Allocation of each risk is 
directly connected to the allocation of costs and benefits of the project. For instance, 
when revenue risk is allocated to private sector, the public is not bearing the revenue 
risk and therefore the cost of the risk should not be included in the project evaluation. 
The general principle is that exogenous traffic demand risk should be borne by the party 
that is the best able to bear it (Engel, Fischer, & Galetovic, 2014). 
The current guideline of the road authority in Australia states that toll revenue 
should be excluded in CBA calculations (Queensland Department of Transport and 
Main Roads, 2011). As has been discussed, some toll road projects contain minimum 
revenue guarantees in the contract. In this case, the public is bearing the toll revenue 
risk as well as paying for the toll. This means that the toll revenues should be 
considered as financial transfers in CBA. The financial transfer can be explained by an 
example of a public transport project. Government is paying for the project costs and 
the users are paying fares. The public transport projects with no private sector 
involvement, the fares can be considered as financial transfer between government and 
the users. Similarly, the toll can be considered as financial transfer between the 
government and the toll road users when the public is bearing the toll revenue risk. 
Decorla-Souza et al. (2013) concur with this argument and state that the toll revenue is a 
benefit to the toll operator but an equivalent loss to the road users. According to 
Decorla-Souza et al. (2013) taxes and tolls are transfer payments and enter into CBA 
calculations only to the extent that they cause a change in economic behaviour. The 
treatment of toll in CBA calculation should therefore be project specific, depending 
upon risk allocations and contractual arrangements. This complex mechanism of risk 
allocations and benefit-cost allocations in CBA require further investigations. 
Zhang et al. (2013) conducted a case study of CBA for a toll road in the U.S. 
using a general framework for a long-term leasing. In the study, stochastic analysis was 
conducted to accommodate risks and uncertainties. Although the inputs that were tested 
in the analyses were limited, the methodology that was used can be used for other 
various inputs such as discount rates and TTS. 
The evaluation method that only focuses on final NPV or single best solution 
may exclude non-quantifiable benefits, uncertainties and alternative weighting of the 
project objectives (Lake & Ferreira, 2002). This is because CBA results exclude the 
items that were not assessed in monetary terms and should not be used solely to make 
decisions (Rogers & Duffy, 2012). 
Toll road projects as large-scale road projects 
When the cost of a road project is significantly large, tolling is an effective option to 
recover the project costs. For instance, the project cost of the 4.6 km Legacy Way 
tunnel in Brisbane, Australia was AU$1.5 billion (ACCIONA Australia, 2015) while 
the construction cost of the 6.8 km Clem Jones Tunnel also in Brisbane was AU$3 
billion (Go VIA, 2015). Large-scale projects are often difficult to manage due to 
complexity, which in turn is a result of large numbers of stakeholders’ involvement, 
considerable resources and time required for planning, design and construction, and 
close media and political scrutiny. The common issues of large-scale projects include 
cost overruns, project delays and benefit shortfalls (Bruijn & Leijten, 2008; Flyvbjerg, 
2014, p. xviii). Project costs and benefits as well as construction costs are examined in 
the planning phase. CBA can be the core of the decision-making of project evaluation of 
large-scale projects and therefore appropriately addressing costs, benefits and risks in 
CBA is particularly crucial. Though, the difficulty of capturing impacts of large-scale 
projects for project evaluation purpose using CBA is highlighted in Mackie et al. 
(Mackie et al., 2014). Laird et al. (2014) also agrees with the need of improvement with 
CBA appraisal method particularly for large-scale projects yet, recommends CBA for 
overall assessment of national value for money, as CBA is the most coherent and robust 
method available. 
Conclusions  
This paper discussed impacts of toll road projects, particularly focussing on the impacts 
to the community. This allowed the effects of these impacts to the community and how 
they can be captured in project evaluation to be explored. It has reviewed general 
project evaluation methodology and Cost-Benefit Analysis (CBA). Through the review, 
the limitations of the current project evaluation methodology to evaluate toll road 
projects are identified.  
Project evaluation assesses various impacts of the project. Project evaluation 
conducted particularly in planning phase is crucial as any projects that do not provide 
sufficient benefits to the community generally ought not to progress further. Public 
projects need to ensure the public good. Therefore, evaluation of a public project needs 
to address the net impacts to the community as a whole. The project evaluation 
methodology needs to be capable of addressing all relevant impacts to the community. 
CBA is an overview of net impacts to the community in monetary terms 
(Mackie et al., 2011; Rogers & Duffy, 2012; Wee & Rietveld, 2014; Wee & Tavasszy, 
2008). There are numerous project evaluation methodologies and CBA is the 
methodology that is used most commonly to evaluate road projects (Wee & Rietveld, 
2014). Decision-making criteria for CBA results should not only focus on NPV and 
BCR. There are risks and uncertainties that the decision-maker needs to be aware of as 
well as other considerations that cannot to be addressed in CBA such as non-monetary 
impacts. Treatment of toll in CBA is one of the key discussions in project evaluation for 
toll road projects. Theoretically, toll is a financial transfer that should be excluded in 
CBA. Different strategies to treat toll need to be tested to explore the appropriate 
methodology. 
The success of the project depends on how well risks, uncertainties and 
complexity were dealt with in decision-making process (Dimitriou, 2014). These 
impacts and risks that need to be treated differently to CBA of general road projects. 
Those are mainly impacts and risks that spawned from tolling. For instance, toll pricing 
significantly influence the costs to the community. Various pricing objectives determine 
the toll price and the net benefits to the community. Risks and uncertainties of toll 
pricing need to be addressed appropriately in CBA.  
Overestimation and optimism bias of traffic and revenue forecasts for toll road 
projects is cited as a concern by numerous researchers (Australian Department of 
Infrastructure and Transport, 2011; Bain & Polakovic, 2005; Bain, 2009; Flyvbjerg et 
al., 2005; Flyvbjerg, 2004, 2005, 2008; Jones et al., 2014; Kriger et al., 2006; Lemp & 
Kockelman, 2009; Li & Hensher, 2010; Vassallo & Baeza, 2007). Flyvbjerg (2008) 
argues that the error is caused from optimism bias. Bain (2009), Vassallo and Baeza 
(2007) suggest that the tendency for overestimation is due to bidding process of the 
project. As traffic forecasting risks and uncertainties significantly influence the net 
impacts to the community, they need to be assessed empirically based and in a 
systematic manner in the project evaluation. Moreover, the relationship between road 
congestions and impacts of toll price to the surrounding network highlights the 
importance of addressing risks and uncertainties of traffic forecasts and toll pricing.  
The key gap of knowledge is that there is no definitive methodology to evaluate 
and address risks and uncertainties of a toll road project. The definitive project 
evaluation methodology that appropriately address impacts to the community of the toll 
road project don’t exist. A gap of knowledge exists with how the effects of the toll road 
impacts can be captured in project evaluation. The current methodologies also do not 
define how tolls should be treated in project evaluation. Treatments of impacts in CBA 
due to toll also require further investigations. Various researchers also consistently 
highlighted the importance of systematic and empirically based risk and uncertainty 
assessment as part of project evaluation. Toll road projects contain unique risk 
characteristics that are different from general road projects, such as traffic and revenue 
forecasting. The results of project evaluation also need to be communicated effectively 
to the community. Further research addressing these gaps will contribute in improving 
project evaluation methodology for toll roads, which would be useful in practice and fill 
the gap of knowledge in the academic literature with respect to project evaluation for 
toll roads for the public good. 
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